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Abstract / Executive summary 
 
Wind and seismic activity effects are described in SANS 10160 (2018); however, these 
loading conditions' scope and depth are limited. Typically, South African practicing 
engineers refer to other international design standards when seeking information that is not 
described in the current national standards. It is essential to understand that these 
international standards cannot be used without considering local conditions.  
 
Structural reliability allows for the further development of structural design standards 
allowing for consistency, harmonisation and the calibration to local environmental 
conditions. The Eurocode represents a standard formulated on the principles of reliability 
and demonstrates the utility of reliability principles. The South African loading code 
(SANS10160, 2018) follows principles of partial factor limit state design and the design 
procedures are formulated using structural reliability. This ensures that appropriate levels of 
safe and sound structures can be achieved. 
 
This dissertation reviews design formulation principles, the comparison of load combination 
schemes and load factors made by Mahachi (2019) to determine if an adoption or adaption 
of the Eurocode is possible. It further extends on the findings by Mahachi (2019) by 
selecting two representative structural elements to assess the difference in reliability levels 
between SANS 10162-1 and Eurocode 3; a member in bending and a member under axial 
compression. The reliability analysis presented in this paper assessed the material resistance 
reliability of a member in bending and a member under axial compression. The resulting 
reliability indices of the analysis, from a Cude Monte Carlo Simulation, were compared to 
their respective target reliability index values. Minimum reliability index levels were 
achieved by both the beam and column for their respective steel design codes, with the 
column generally resulting in higher reliability indices.  
 
The South African standard is generally consistent with European practice, which is 
confirmed by the similarity in reliability levels. In general the Eurocode tended to produce 
higher reliability indices than SANS, the difference in magnitude of the target reliability 
indices may be concerning from an economic point of view however the Eurocode allows 
for member states to determine their own structural performance. The difference in 




of the Eurocode. 
 
The differences in reliability levels show the effect and significance of local differences 
(e.g. construction methods, design loads, local conditions). The comparison of the standards 
presented in this dissertation show that the adoption of the Eurocode is possible and that 
furthermore the reliability levels of the SANS code meet minimum target reliability 
requirements, which would suggest then that a complete overhaul of the standard is not 





List of abbreviations 
 
AS/NZ 2005 Australian/New Zealand Standard (AS/NZ 
4600:2005) 
  
CEN  European Committee for Standardization  
  
EC3  Eurocode 3 or EN 1993 Design of Steel 
Structures 
  
EN / ENV  European Norm/Standard /Voluntary 
edition  
  
FORM  First Order Reliability Method  
  
GSF  Global Safety Factor  
  
ISO  International Standards Organisation 
  
LRFD Load and Resistance Factor Design 
  
LSD  Limit States Design  
  





Nationally Determined Parameter  
  
Probability Distribution Function 
  
SANS South African National Standard 
  
SLS / ULS  
 
SORM 
Serviceability Limit State / Ultimate Limit 
State  
Second Order Reliability Method 
 
Symbols 
Ed design value of effect of actions 
  
E{–} function defining the effect of actions 
  
F an action 
  
Fk characteristic value of an action 
  
Fk,i characteristic value of action, i 
  





Gk,j characteristic value of permanent action, j  
  
Q variable action  
  
Qk characteristic value of a variable action  
  
Rd design value of the resistance 
  
Rk characteristic value of the resistance 
  
R{–} function defining the resistance for a 
particular limit state 
  
β reliability index 
  
βt target safety index 
  
Φ cumulative normal distribution function 
  
ψ combination factor for variable action 
  
α sensitivity factor 
  
αE sensitivity factor of the load effect 
  
αR sensitivity factor of the structural resistance 
  
αG skewness of the limit state function 
  
γG partial factor for the permanent load 
  
γQ partial factor for the imposed load 
  
γW partial factor for the wind load 
  
σ standard deviation 
 
SANS 10162-1 
A Cross-sectional area 
  
Cr Compressive resistance of a member 
  
Cw Warping torsional constant 
  
E Young’s Modulus of elasticity 
  





G Shear Modulus of steel 
  
h Height of section 
  
I Moment of inertia  
  
J St. Vernant torsion constant 
  
K Effective length factor 
  
L Length of member 
  
Mcr Critical elastic moment for lateral 
torsional buckling 
  
Mp Plastic moment 
  
Mr Factored moment resistance 
  
r Radius of gyration 
  
Zpl Plastic section modulus of a steel section 
  
λ Non-dimensional slenderness ratio in 
column formula 
  
Ø Capacity reduction resistance factor  
  
𝜔𝜔2 Coefficient to account for increased 
moment resistance of a laterally supported 
segment subjected to a moment gradient 
 
EC3 
C1 Modification factor to account for 
increased moment resistance of a laterally 
unsupported segment subjected to a 
moment gradient 
  
MRD Design value for resistance to bending 
forces 
  
Ncr Elastic critical force for the relevant 
buckling mode 
  
NRD Design value for resistance to axial forces 
  
Wpl Plastic section modulus of a steel section 
  









Note that numerous symbols are common to both the SANS 10162-1 and EC3, they are 
therefore not separately defined. The previously defined symbols are as follows: A, E, fy, G, J, 
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Chapter 1  
Introduction 
 
1.1 Research background (Introduction) 
 
In order to determine whether South Africa should adopt the Eurocode in its entirety or adapt 
certain sections of the Eurocode, a comparison would have to made between Eurocode 3 
(EN3, 2002) & SANS 10162-1 (SANS10162-1, 2005) material codes for hot-rolled steel. 
The aim of this research is to therefore compare Eurocode 3 & SANS 10162-1 using 
reliability principles. 
 
Structural reliability provides a genuine basis for the development of standards as identified 
by Retief, et al., (2011), as well as the further development of structural design standards 
allowing for consistency, harmonisation and the calibration to local environmental 
conditions. The Eurocode represents a standard that is formulated on the principles of 
reliability and demonstrates the utility of reliability principles. The South African loading 
code (SANS10160, 2018) follows principles of partial factor limit state design and the design 
procedures depend on standards of basic unwavering quality. This ensures that appropriate 
levels of safe and sound structures can be achieved. 
 
Most European states use the Eurocode, which ensures harmonisation of technical aspects for 
buildings, cost effective construction, and improved safety standards. The standard that is 
currently being used in Europe for structural steel is EN 1993 (EN3, 2002), which is used 
together with the “head code” EN 1990 (2002) that provides the safety related material 
independent requirements for the basic design of structures. The compilation of a design 
standard (or code) requires a great deal of resources and for a country (South Africa) 
undergoing a tough economic phase, it’d seem better suited to adopt the standards of other 
European countries or better align the local standards to the harmonised Eurocode. 
 
Infrastructure is a key component in economic growth, competitiveness and international 
trade. It is therefore crucial that a developing nation such as South Africa continues to 
compete in the global market by improving and adding to its own infrastructure. The South 
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African economy has recently been on a decline and as such the construction industry is 
suffering. Jerling Werner outlined that the general economic conditions had negatively 
affected all industries, particularly the South African construction. He further outlined the 
lack of substantial support from industry bodies, the level of fraud and corruption in project 
procurement and the complex regulatory environment (Werner, (2019)).  However, he did 
concluded that as one of a few African countries with a self-sufficient and fully functioning 
industry there is plenty reason for South Africans to be hopeful of an economic turnaround. It 
would seem then, that it would be beneficial to adapt principles of the Eurocode or rather 
adopt the code in its entirety. 
This dissertation will look at reliability theory and modelling procedures as well as 
probability theory to compare the Eurocode for steel, hereafter referred to as EC3, to the 
South African national design code for steel, hereafter referred to as SANS 10162-1. 
Another aim of this dissertation is to provide evidence for the adaptation or adoption of 
EC3. This will include a comparison of design formulation principles, collecting the 
resistance and load parameters for modelling and finally modelling those parameters. 
 
1.2 Research Problem Statement 
 
In South Africa many design engineers refer to external design codes when seeking 
information that is not described in the current national standards. It is important that 
they understand the external codes cannot be used without prior consideration to local 
conditions, i.e. factors would need to be applied from the Nationally Determined 
Parameters or NDP’s which are provided in the National Annexes. When simply 
designing to an external code such as EC3, designers do not realise that the partial 
factors in the Eurocode do not account for local parameters (such as steel quality, historical 
performance of a building, or local building traditions). It could result in overly 
conservative designs that are costly. It may seem irrelevant on a small scale, but the costs 
eventually add up on large scale projects. Therefore, it is crucial for practising engineers to 
apply the partial factors as defined by the local material code to their designs. The risk of 
under design is possible however, the Eurocode partial factors are higher than those specified 
in the SANS standards making under design unlikely. 
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Walls & Viljoen (2016) identified that South Africa typically draws upon a variety of 
codes when considering adopting standards for local use. Previously South Africa used to 
follow the British standards for concrete design (BS 5950-BS 1995). The steel code was an 
adaptation of the Canadian Standard (CSA, 1994) and more recently the updated SANS 
10162-2 (SANS10162-2, 2011) is derived from both New Zealand and Australian 
standards (AS/NZ 2005). This is because of the reality that the compilation of a design 
code requires tremendous assets and for South Africa it is more convenient and practical to 
embrace or adjust the codes of different nations. It had been evidenced that a large number 
of standards form their basis on past experiences rather than reliability modelling, although 
reliability principles and models bridge the gap between design and probabilistic 
evaluation Holický et al. (2015). Holický etc al. (2015) further added that standards should 
be based on concepts of structural reliability. 
 
The local concrete is in the process of being adopted from the Eurocode for concrete 
(Eurocode 2), however the Steel material standard has not followed the same route as the 
concrete. This point has been further discussed in detail by Mahachi (2019). The Eurocode 
is aiming to be the international standard for design, having already harmonised European 
standards.  
 
1.3 Research Questions 
 
The primary questions this research seeks to answer include: 
 
• What impact would a change in the material standard for steel have on practicing 
engineers? 
 
• Should South Africa adopt EC 3 in its current state, or do we need to undertake 
some sort of calibration exercise to account for local parameters? Are the 
differences in the standards significantly large enough that there would be a need 










• How exactly does the Eurocode take into consideration the local calibrations, 
tolerances, historical data, and other factors? 
 
• Would South Africans see a noticeable difference in the economic cost of 
construction with the adaption of the Eurocode 
 
• In addition to the changes in partial factors, the wind load effect has also been 
modified. Does this then significantly affect the reliability level? (I.e. to what 
degree does the change in the wind load have to the target reliability) 
 
• To what degree does the change in the wind load partial factors in the new SANS 
loading code have on the reliability performance? 
 
• As South Africa builds taller buildings, do we not risk going beyond the scope of 
the local codes? 
 
• Would it not make more sense to adopt a standard that is widely accepted in 
Europe and more countries around the world (based on the growing trend of 
countries such as Singapore and those in the Balkan region adopting the codes)? 
 
1.4 Research Objectives 
 
The objective of this research is to: 
 
• Make a probabilistic comparison of SANS 10162-1 and EC3 using reliability 
principles. 
 
• Widen the scope of the South African codes and thus allow the country (as well 
as its Engineers) to compete on the global scale. 
 
• Determine if the adaption/adoption of the steel Eurocode standard would be 
advantageous for SA. 
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• Compare the South African steel design standard with the European steel design 
code in terms of material resistance factors, member design strengths, loading 
parameters and reliability indices. 
 
• Provide cost effective and safer solutions to the built environment 
 
1.5 Significance of Research 
 
As recently as 2018 the SANS 10160 loading code was revised, the reason behind the 
revision was that South Africans’ had started to build relatively taller buildings. An increase 
in the size of the building introduces effects that are typically ignored in smaller buildings 
(low rise buildings). Examples of some of these effects are column shortening or crushing 
and accelerated wind effects as well as deflection problems. A 2018 article, found in the 
Structural Committee on Structural Safety (or SCOSS) publication (SCOSS, 2018), 
highlights these issues listed above that were associated with tall buildings. The effects of 
wind and seismic activity are described in SANS 10160 (2011), however the scope and 
depth of these loading conditions is limited especially with regards to wind and 
seismic/dynamic effects. 
 
In recent projects (e.g. the tallest building in South Africa, the Leonardo stands at 234m tall) 
it is acknowledged that local authorities had a reduced capacity in reviewing buildings for 
structural designs, to such an extent that in some cases no reviewing is done at all as 
evidenced by Mallin (2019) when pointing out that recent developments in structural 
advances such as taller buildings and larger spans has exposed the limitations of the current 
South African design codes (specifically dynamic and wind aspects).   
 
The realisation that the SANS 10160 (2011) scope was limited (Mallin, 2019) (e.g. 
buildings were limited to 100m above the ground in SANS 10160-3) led to the updating of 
three parts of the loading code. Part 1 which is the basis of structural design, Part 3 and 4 
which cover wind and seismic actions. However, it can still be argued that there are still 
aspects in the revised code that are still lacking and it would be advisable to rather apply the 
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Eurocode especially in specialised instances such as Seismic actions. 
 
South African has already slowly started adopting the Eurocode in concrete, however in 
steel we remain stagnant using the SANS 10162-1 steel code which is based on the 
Canadian code. It is widely known that due to new technologies practicing engineers 
experiment with longer, lighter and more slender members.  
 
1.6 Research Methodology 
 
The research methodology will be as follows: 
 
The research is based on theoretical elements that will be compared using the SANS 
10162-1 code and Eurocode 3. The comparison will be based on reliability principles. The 
method of research can be summarized in the following phases: 
 
The first phase will involve collecting relevant information on the topic of adaptation of 
Eurocode concrete design, see how the topic was approached from a concrete 
perspective and then apply it to structural steel. Collect similar case studies or journal 
entries on adopting the Eurocode for steel. 
 
The second phase will involve choosing structural elements that will need to be 
compared, decide on which parameters will be compared. The load and resistance 
parameters will be collected as well as material resistance factors, member design strengths, 
and reliability indices for modelling. Two structural members will be assessed where a 
comparison of a laterally unsupported class 1 beam subjected to bending and a class 1 
compression member subjected to an axial load will be selected to analyse representative 
examples of flexure and compressive strength.The member profiles for both the column and 
the beam will be selected based on a an existing study, to make the findings comparable to a 
deterministic comparison made by Walls & Viljoen (Walls & Viljoen, 2016). Finally perform 
the parametric modelling; this will complete the second phase. 
 
This dissertation will initially analyse an unrestrained (against lateral torsional buckling) 
class 1 beam and class 1 column, and compare the member using both EC3 and SANS 
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10162-1 through reliability principles such as reliability theory. I.e. compare load 
combinations provided by SANS 10160 and EN 1990 (EN1990, 2002) ,the basis of structural 
design, to see if they produce a similar target reliability (βt), repeat the exercise for load 
factors, compare the formulation of design principles as well as an evaluation of the material 




In this dissertation it should be noted that the main focus area of my research will be 
comparisons that are based on reliability indexes for a limited number of structural 
configurations and limiting it further by focusing primarily on hot-rolled steelwork.  It is 
evident that the reliability of a member is dependent on the structural configuration. 
 
Reduction factors have not been calibrated for the revised loading code (SANS10160, 
2018), whereas in the past calibration exercises were undertaken. The reliability index β is 
dependent on the capacity reduction factor amongst other things. Calibration for the 
existing capacity reduction factor should therefore be considered in future studies. 
 
The Eurocode tends to be more mathematical in its preference to equations and would 
require simplification so that practicing Engineers would be willing to switch to it and use 
it as a general standard in the country. In the paper (Mahachi, 2019) it is suggested that the 
Eurocode was intricate with constant cross-referencing and would in this manner be hard to 
follow by practising engineers. It is perhaps the difficult formulations that would prohibit 
the adoption of the Eurocode in its current state without simplifications. 
 
Engineers in the UK found it difficult to adapt to the switch from British code (BSI) in 
2010 to the Eurocode. The Eurocode was more difficult to understand, it used more 
equations and less graphs and figures. Complaints were that it read more like a textbook 
rather than a code of practice. Engineers would complain about having to fish for 
information whereas in the old British code information was easy to find (Denton, 
2010). South Africans could be faced with similar problems since the old steel code was 
derived from the BSI.  
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2.1 Background into reliability theory 
 
Reliability theory is the formulation of design principles, comparisons of the load factors, 
load combinations and material resistance factors. Reliability as defined by ISO 2394 (ISO, 
2015) is the ability of a structural member to achieve its specified design prerequisites for 
the duration of its design life, in this sense reliability is conveyed in terms of probability 
(i.e. the comparison of the probability of failure Pf with its target value PT or the reliability 
index β with its target value βT). In a reliability analysis, the most important factors to 
consider are structural resistance and the variability in load effect as described by Nowak 
and Collins (2000). The load and structural resistance when multiplied by partial load 
factors become deterministic values, this approach is a semi-probabilistic formulation (a 
verification method allowing for uncertainties such as partial load factors, representative 
values) of the limit-state. 
 
It is fundamentally understood that design parameters must adhere to certain limit states. 
The limit-state is reached when the structural resistance and the load effect are the same or 
equal. Should the load effect exceed the structural resistance thereby exceeding the limit 
state, it is presumed that the structure does not satisfy the design prerequisite.  
 
The limit-state is a state of a structure and can be classified as satisfactory or 
unsatisfactory, the conditions that separate the two is called limit state. It is however non 
liner and therefore numerous iterations would have to be implemented and as the results 
begin to converge, the probability of failure is therefore closer to an accurate value. This is 
achieved through a Monte Carlo Simulation (hereafter referred to as MCS) which yields 
more accurate βT values than for example the first order and second order approximation 
methods known as FORM or SORM. For diminutive problems FORM and SORM have 
been proved to be proficient, however with an increase in the number of random variables 
the problems become more difficult and require additional computational effort which is 
better solved by the MCS.  
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The MCS is a method of computing the probability of structural failure. In reliability 
analysis, realistic problems require great computational effort. The MCS requires 
deterministic and probabilistic values and takes into consideration the material properties 
as well as the uncertainties that are inherent in the load (such as the randomness of the 
loads). From the input the probability of failure is then determined.  
 
The principal of structural reliability provides the basis of structural design as described by 
Retief, et al., (2011). The structural reliability also allows for calibration to a variety of 
environments and it is also the basis for which standards can be developed. There are two 
indicators of reliability levels namely the reliability index β and the probability of failure 
Pf. The numerical values of the reliability index are preferred and used more frequently in 
standards. 
 
The target reliability (βT) depends on the consequence of failure and costs of safety 
measures. SANS 10160-1 (2018) stipulates a value of βT = 3.0, Ter Haar and Retief used a 
concept of Global safety factor (hereafter referred to as GSF) to achieve this value (Retief 
& Ter Haar, 2001). The Eurocode stipulates a target reliability βT = 3.8 (for a period of 50 
years) which relates to a reliability class 2 for medium consequence of failure. The 
consequence of failure relates to loss of human life, the importance of the structure, post 
disaster requirements of the structure and the degree of social inconvenience resulting from 
the structures failure (Milford, 1988). 
 
Mahachi (2019) demonstrates that for a steel section under bending, the reliability index β  
is influenced by the load combination, capacity reduction factor as well as the live load 
ratio. For practical live load ratios, provided by SANS 10160 and EN 1990 (EN1990, 
2002) a similar target reliability equal and greater than βT = 3.0 is achieved. Which is in 
line with the requirements defined by SANS 10160 and suggests that it is possible 
for South Africa to adopt the Eurocode (Eurocode 3, 2005) for steel design whilst 
retaining the current load combination factors and capacity reduction factors. It should 
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be noted that the member that was examined by Mahachi (2019) was laterally restrained 
in bending, a similar analysis would need to be made for different hot-rolled steel 
members, different class sections and other failure modes would have to be checked and 
compared. 
 
Finally, as noted by Retief, et al., (2011) structural reliability allows for calibration to a 
variety of environments and it is also the basis for which standards can be developed. It is 
the reason that the focus of this dissertation, is to compare SANS (10162-1, 2011) and 
(Eurocode 3, 2005) using structural reliability principles. 
 
2.2 Reliability Theory 
 
2.2.1 Limit States and basic reliability concepts 
 
Limit states are the states at which a structure can be considered to satisfy the requirements 
of the design. When the limit state is exceeded, the structure ceases to perform its intended 
function properly. Holický (2009) defines the limit state as two distinct conditions, namely 
satisfactory and unsatisfactory, that satisfy design standards. The two conditions can further 
be defined as the ultimate limit state and the serviceability limit state.  
 
The serviceability limit state refers to conditions under which a structure is considered 
useful, these conditions relate to factors such as durability, overall stability, excessive 
vibration and cracking. The ultimate limit state relates to the structural failure, it is a 
representation of the overall safety of the structure. The ultimate limit state is exceeded 
when there is a loss of static equilibrium and stability of the structure. The ultimate limit 
state will be the focus of this research. 
 
When the load effect E exceeds the structural resistance R the structure is considered to have 
exceeded the ultimate limit state, it is therefore a requirement of the ultimate limit state that 
the load effect is less than the structural resistance demonstrated by Equation 2.1. 










A fundamental form of the limit state Equation 2.1 that assumes that a distinction between 
safety and failure of the structure unambiguously can be expressed in the form of Equation 
2.2.  
 R - E = 0 (2.2) 
 
The safe condition of the limit state as expressed in Equation 2.2 can be rearranged and 
represented by the limit state function or the performance function G. This is achieved 
through stating that the mathematical difference between the load effect E and the structural 
resistance R, is greater than zero. The new equation is expressed in Equation 2.3 where G is 
the reliability margin or the limit state function. 
 G = R - E ≥ 0 (2.3) 
 
Both variables E and R, are generally random and are therefore associated with 
uncertainties. The load effect can consist of a combination of permanent and variable loads. 
The variable nature of the loads makes it impossible to predict (e.g. finding the exact force 
of loads -imposed, wind, accidental). The structural resistance is a function of the material 
properties of a member, the cross-sectional geometry, the yield stress and the dimensions. It 
is unrealistic to believe that the material properties and geometric data remain consistent 
throughout a member.  
 
A mathematical difference between the load effect and structural resistance cannot be 
definitively obtained as Equation 2.2 can be exceed at a certain probability. Therefore, the 
problem becomes probabilistic and would require that the uncertainties are taken into 
consideration in the design procedure.  
 
The load effect and the structural resistance can be expressed as a limit state function of 
which the n-number of random variables X is described by Equation 2.4.  
 G = g (X1, X2, X3, … Xn) (2.4) 
 
The primary objective of reliability theory is to assess the probability of failure Pf.  The 
probability of failure can be expressed in the form of the following equation 
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 Pf = P (E < R) (2.5) 
 
Since both the load effect and the structural resistance are random as expressed in Equation 
2.4, they can therefore be expressed as probability distribution functions. The probability 
distribution function can be described by statistical moment parameters which are significant 
in determining the probability of failure. The statistical moment parameters are the standard 
deviation (σ), mean (μ) and the skewness (α). These statistical parameters are used to 
describe the probability distribution function, for example the skewness is used to determine 
the shape of the curve (all be it not exclusively), the standard deviation determines the 
dispersion of the curve and the relative position of the curves can be determined by the 
means. For example a widened shape of the curve increases the probability of failure, the 

















Figure 2.1: Random variables of the load effect E and resistance R (Bauer, 2016) 
 
Figure 2.1 graphically depicts the probability distribution function, there exists unfavourable 
results where the load effect variable E exceeds the resistance R, which would suggest that 
failure will occur in this region. Therefore, in order for Equation 2.5 to remain within 
acceptable limits then both parameters of the load effect and of the resistance should satisfy 
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certain conditions. Holický (2009) suggested that the certain conditions are the mutual 
location as well as the variances of the distribution and that they will certainly include the 
condition where µE < µR.  
 
2.2.2 Reliability measures with two random variables 
 
It is more difficult to evaluate the probability of failure as defined by Equation 2.5, as both 
the load effect and the structural resistance are random variables. This can be simplified by 
assuming that both the load effect and structural resistance have normal distributions. 
Therefore, the reliability margin or limit state function G will have a normal distribution of its 
parameters. 
 µG = µR - µE (2.6) 
 σ2G = σ2R + σ2E + 2ρRE σ2R σ2E (2.7) 
 
Equation 2.7 represents the statistical moment parameters of the random variable G, and ρRE 
is the correlation coefficient of E and R (structural resistance). Holický (2009) observed that 
E and R are often assumed to be independent of one another and as a result ρRE = 0. 
 
 










From Figure 2.2 we can see that a portion of the curve extends beyond zero, the grey shaded 
area represents the probability of failure. We can therefore modify Equation 2.5 to express G 
as a statistical function of both R and E.  
 Pf = P (R – E < 0)  
 Pf = P (G (R, E) < 0))  
 Pf = 𝛷𝛷G (0) (2.8) 
 
Where 𝛷𝛷G is the cumulative distribution function. Equation 2.8 which represents the 
probability of failure, considers the point at which the reliability margin G is less than 
zero. Therefore, the probability of failure is as a result of the cumulative distribution 
function 𝛷𝛷G where G is less than zero. The reliability index β, is the number of standard 
deviations that the mean µG is from zero. Holický (2009) states that this condition only 
applies if G is a normally distributed function. The relationship between the reliability 
index and the probability of failure can be expressed in the form of Equation 2.9, where 
𝛷𝛷U is the cumulative probability distribution function for the standardised reliability 
margin µ0. 
 Pf = 𝛷𝛷U (-β) (2.9) 
In the case of a normal distribution of the reliability margin G, the reliability index is given 
by equation 2.10. The value of the reliability index β is the limit state function or reliability 
margin divided by the standard deviation (otherwise referred to as the coefficient of 
variation) of the limit state function.  
 β = µ𝐺𝐺
𝜎𝜎𝐺𝐺
  
 =     µ𝑅𝑅− µ𝐸𝐸)
�𝜎𝜎𝑅𝑅2 + 𝜎𝜎𝐸𝐸2 + 2𝜌𝜌𝑅𝑅𝐸𝐸 .𝜎𝜎𝑅𝑅2 .𝜎𝜎𝐸𝐸2
  (2.10) 
 
2.2.3 Alternative Reliability Design Measures  
 
The space state of the variables E and R can be illustrated on a two-dimensional graph as 

























Figure 2.3: Design point illustrating a two-dimensional space and the limit state 
function (EN1990, 2002) 
 
Note that in Figure 2.3 a normal distribution of the statistical moment parameters is assumed 
and that the load effect and the structural resistance are independent. This relationship can 
be represented as a joint probability distribution function of concentric circles that 
correspond to different levels of probability density. Similarly Figure 2.4 illustrates the same 
principles of two-dimensional space and the limit state function, however the failure and 
safe domains are illustrated and are separated by the limit state function G.  
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Figure 2.4: Two-dimensional state of the limit state function (Nowak & Collins, 2000) 
 
The variables (the load effect and the structural resistance) are random and can be plotted as a 
joint density function separated into two distinct domains which are the safe domain; where 
the structural resistance is greater than the load effect, and the failure domain; where the 
structural resistance in less than the load effect as illustrated in Figure 2.4. 
 
The limit state function or the reliability margin G, is not always necessarily linear and the 
design point (ed, rd) which is any point on the limit state function lying above the failure 
domain/boundary needs to be determined. The best position for the design point should be on 
the limit state function closest to the mean (µR, µE). There can however exist multiple design 
points especially when the limit state function is not linear as illustrated by Figure 2.5 (Haldar 
& Mahadevan, 2000), which also illustrates a standardised space to show the limit state 
function. The distance of the design point from the standardised origin can be measured by 
the reliability index β. The design point can be determined by a combination of Equation 2.11 
and Equation 2.12. 
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 ed = µE – αE. β. σE (2.11) 
 rd = µR – αR. β. σR (2.12) 
 
The FORM sensitivity factors for the load effect E and the structural resistance R, αE and αR 
should not be confused with the skewness symbol established earlier in a previous section. 
The sensitivity factor for load effect αE and for structural resistance αR are direction cosines of 
the limit state function from the transformation to a standardised space, normal to the failure 
boundary (Holický, 2009). The sensitivity factors can be calculated using Equation 2.13 and 
2.14. 
 αE = - σE / �𝜎𝜎𝐸𝐸2  +  𝜎𝜎𝑅𝑅2  (2.13) 
 αR = - σR / �𝜎𝜎𝐸𝐸2  +  𝜎𝜎𝑅𝑅2  (2.14) 
   
 
Figure 2.5: Multiple design points in a non-liner limit state equation (Haldar & Mahadevan, 
2000) 
 
An alternative measure of reliability has been established in calculation of reliability margin 
using sensitivity factors and the reliability index. However, the limit state function was 
expressed in terms of two variables, there exists a multivariate case where there are n-












2.2.4 Simulation Methods 
  
In the previous section the reliability of a member had been determined when both the load 
effect and the structural resistance were normally distributed. For a multivariate case the 
reliability margin or limit state function G is a function of the n-number of random variables 
as expressed by Equation 2.4. The variables X1, X2, X3 … Xn are denoted by the vector X and 
thus the non-linear limit state function is given as Equation 2.15, where G(X) is the non-
linear limit state function and X is the vector of the basic variables. 
 G(X) = g (X1, X2, X3, … Xn) = 0 (2.15) 
 
The fundamental equation for reliability analysis can be obtained by solving the integral of 
the probability of failure as expressed by Equation 2.16 
 Pf = P [g(X1, X2, X3, … Xn) ≤ 0]  
 = ∫∫G(X) ≤ 0 ... fx(x1, x2, x3, … xn) dx1 dx2 … dxn (2.16) 
 
Where the term fx (x1, x2, x3 … xn) is the joint probability distribution function (hereafter 
referred to as PDF) of the random vector X of all the basic variables where the reliability 
margin G is less than or equal to zero. Determining the probability of failure using Equation 
2.16 can prove quite difficult and would require either numerical methods, approximate 
analytical methods or simulation methods. In some cases the integration of Equation 2.16 
can be done analytically and in other cases where the number of basic variables is small 
(e.g. five) numerical methods can be applied (Holický, 2009). An example of approximate 
analytical methods for evaluating the probability of failure is the First Order Reliability 
Method (FORM) and is the focus of our discussion in the following section. 
 
3.1.4.1 First Order Reliability Method 
 
The design value method in EN 1990 is based on the FORM reliability method and it also 
provides a means for calculating the partial safety factors used in the LRFD. The FORM (as 
well as Second Order Reliability Method hereafter referred to as SORM) reliability method 
was initially developed by Hasofer and Lind, and later generalized by Rackwitz and Fiessler 
to include variables that are not normally distributed (Breitung, 2015). The FORM 
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procedure according to Holický (2009) involves a transformation of the original variable X 
into the standardised normal variable U depicted by Figure 2.6. 
 
 
Figure 2.6. Graphical illustration of the transformation of original variable X to standardised 
normal variable U (Holický, 2009) 
 
The FORM procedure evaluates the equivalent normal distribution parameters of the 
equivalent mean µe and the equivalent standard deviation σe of a random variable. However, 
the transformation of the original non-normally distributed variables (X) to the standardised 
normally distributed variables (U) is based on two conditions. The first of which is the 
cumulative distribution function Φx and the equivalent standardised normal distribution 
variables should be equal at the design point x* as described by Equation 2.17. Secondly, the 
PDF of the n-number of random variables should be equal to the equivalent normal density 
functions at the design point x* as described by Equation 2.18. (Holický, 2009) 










The mean equivalent mean, and standard deviation of the equivalent normal distribution are 
determined by re-arranging Equation 2.17 and Equation 2.18 respectively, the following 
Equations 2.19 and Equation 2.20 are the results. 
 µex = x* -σ ex [Φu-1 (Φx(x*))] (2.19) 
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 φu (𝑥𝑥∗ − µ
𝑒𝑒𝑥𝑥
𝜎𝜎𝑒𝑒𝑥𝑥
) = ( 1
𝜑𝜑𝑥𝑥(𝑥𝑥∗)
) φu [Φu-1( φx(x*))] (2.20) 
 
The method of calculating the reliability index is an iterative process because the limit state 
equation is not linear. The FORM procedure generates a tangent to the non-linear limit state 
equation and with enough repetitions the tangent begins to run through the design point x*.  
Holický (2009) demonstrates that the iteration procedure of the FORM analysis can be 
presented in the following ten steps: 
 
1. The limit state function G(X) = 0 is formulated and expressed in terms of theoretical 
models of the basic variables X = (X1, X2, X3, … Xn) 
2. An initial evaluation of the design point (x*) = (x1*, x2*, x3* … xn*) is made; the mean 
values for n-1 variables and the last variable are estimated and solved in order to 
satisfy the conditions of the limit state function G(x*). 
3. At the design point (x*) the equivalent normal distributions are found for all basic 
variables using Equations 2.19 and 2.20. 
4. For the equivalent normal distribution case the standardised random variables U = 
(U1, U2, U3 … Un) corresponding to the design point x* can be transformed to u* = 
u1*, u2*, u3* … un* using Equation 2.21. 





5. Partial derivatives of the limit state function, denoted by the vector D, are evaluated 
for the design point with respect for the standardised random variables U = (U1, U2, 
U3 … Un). 
 
















6. The reliability index β can be determined using Equation 2.23 
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β =  − {𝐷𝐷}.
𝑇𝑇{𝑢𝑢}∗
�{𝐷𝐷}𝑇𝑇 {𝐷𝐷} 

















7. The sensitivity factors as defined in Equations 2.13 and 2.14 can be determined from 
equation 2.24 below 




8. From the standardised and original basic variables, a new design point is determined 
by using Equation 2.25 and 2.26. 
 ui* = αiβi (2.25) 
 xi* = µxie - µi*σxie (2.26) 
 
9. The limit state function G(x*) = 0 is recalculated as well as the design value of the 
remaining n-number of variables. 
 
10. The steps 3 through to 9 are repeated until the reliability index converges to the 
design point and has the required accuracy.  
 
3.1.4.2 Monte Carlo Simulation Method 
 
In reliability analysis the FORM procedure can be used for small scale problems where the 
number of random variables is relatively small. With an increase in the number of random 
variables, the problem becomes too complex and requires additional computational effort. 
The FORM procedure requires the prior knowledge of the variances and the means of the 
random variables whereas the MCS only requires knowledge of the PDF of all the random 
variables (Papadrakakis & Lagaros, 2002). MCS requires efficient sampling techniques in 
order to improve both the computational efficiency the accuracy of the results.  
 
There are three levels of reliability methods and differ in accuracy as well as computational 
effort required (Cardoso, et al., 2008). Semi probabilistic methods which use partial safety 
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factors to approximate the probability of failure, are classed as Level 1 reliability methods. 
Level 1 reliability methods are the basis of the LRFD approach used in SANS 10162-1 and 
are relatively simple to calculate. It is the low computational effort required that makes 
Level 1 reliability methods attractive, they are commonly used in practice. Level 2 methods 
are based on random variables and include FORM analysis, these methods require more 
computational effort than Level 1 reliability methods and may be referred to as approximate 
probabilistic methods. Level 2 methods are more accurate than Level 1 reliability methods. 
Finally, the third level of reliability otherwise known as the exact probabilistic methods, 
require the most computational effort as they use complete probabilistic characteristics of 
the random variables (i.e. the probability of failure is determined from the joint probability 
of the random variables). MCS is an example of Level 3 reliability methods, these methods 
are the most accurate of the three levels.  
 
Similar to the FORM procedure discussed in the previous section, the MCS is also an 
iterative process. In the MCS the limit state function can be expressed as Equation 2.15 and 
with reference to Equation 2.16 fx (x1, x2, x3 … xn) is the joint PDF of all realisations of the 
basic variables. Since the MCS is based on the number of iterations, the probability of 




∑ 𝐼𝐼(𝑥𝑥𝑖𝑖)𝑁𝑁𝑖𝑖=1  where xi = 𝑥𝑥, 𝑥𝑥2, 𝑥𝑥3 … 𝑥𝑥𝑛𝑛 (2.27) 
 




0   
𝑖𝑖𝑖𝑖 𝐺𝐺(𝑥𝑥𝑖𝑖)  ≥ 0
𝑖𝑖𝑖𝑖 𝐺𝐺(𝑥𝑥𝑖𝑖)  < 0
� (2.28) 
The number of independent random samples N is obtained from the joint PDF of the 
realisations x1, x2, x3 … xn for each independent variable. Thus, the probability of failure can 
be calculated and the reliability index can also be determined using the relationship that is 
expressed by Equation 2.29.  
 
2.3 Target Reliability 
 
Target reliability levels were initially derived from designed practice, despite the self-
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referencing nature of this approach it was deemed acceptable. However, this method did 
provide opportunities for the identification of inconsistences and a basis for improving safety. 
An example of this approach is the safety factor method, whose value differed from one 
design to another and provided a quantitative measure of reliability. The value was associated 
with the risk of a particular component, i.e. the member type as well as failure mode effected 
degree of reliability (Ellingwood & Galambos, 1982). In earlier versions of the South African 
design code (SABS 10160-1989), reliability was classified in terms of the mode of failure 
similar to that which was described by Ellingwood & Galambos (1982). Table 2.1 below, 
indicates that the level of target reliability could vary depending on the member type. 
 
Table 2.1: Target Reliability Level variability (Ellingwood & Galambos, 1982) 




Tension member, yield 3.0 
Beams in flexure 3.0 
Column, intermediate slenderness 3.5 
 
Various modern standards generally derive target reliability levels based on two conditions, 
the consequence of failure and the relative cost of safety measures (Holický, et al., 2015). 
The target reliability values are usually inconsistent in terms of the values and criteria 
required in specifying these levels, however optimum reliability levels can still be obtained. 
There are three reliability classes (RC) that can be differentiated in accordance with the 
consequences of failure of the structure (Holický, 2009). Low consequences of failure are 
classed as reliability class 1 (RC1), where the consequences of failure corresponding to the 
loss of human life, the economy and the environment are negligible. Medium consequences 
of failure, which are classed as reliability class 2 (RC 2), have considerable consequences for 
the loss of human life, the economy and the environment. RC 2 are typically used for office 
and residential buildings. High consequences of failure are classed as reliability class 3 (RC 
3), these are used when the consequences for the loss of human life, the economy and 
environment are high. 
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Optimum reliability levels can be obtained by considering the consequence of failure and the 
relative costs of safety measures over the design working life as indicated in ISO 2394 
(General principles on structural reliability for structures). The minimum requirement for 
human safety is described in ISO 2394 and according to Holický (2009), the common lethal 
accident rate of 10-6 per year is associated with the standard’s reference period. The reliability 
index βt, n for a reference period of n years may be approximated using Equation 2.29 where 
Φ(βt,n) is the cumulative distribution function of the standardised normal distribution. 
 Φ(βt,n) = [Φ (βt,1)] n (2.29) 
 
Figure 2.7 shows the variation of βt, n with βt, 1 for n =5, 25, 50 and 100. From Equation 2.29 
it can be approximated that βt, 1 = 4.7 and βt, 50 = 3.8, that would suggest then that since both 
reference periods correspond to the same reliability level (Level 2 for medium consequences 













Figure 2.7. Variation of Reliability Index βn at n = 5, 25, 50 and 100. (Holický, 2009) 
 
The reliability target required for SANS 10160 (2018) is closely linked with that of ISO 2394 
and EN 1990, in that the basis of structural design is associated with medium level of 
consequence. However with SANS 10160 (2018) the target reliability βt = 3.0 for a reference 
period of 50 years, or the probability of failure Pf ≈ 0.001. EC3 has a much higher target 
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reliability βt, = 3.8, as given in EN 1990-1 for the ultimate limit state. Table 2.2 and 2.3 taken 
from Retief (2015) shows a selective comparison of some recommended reliability index 
values between ISO 2394 and EN 1990.  
 
Table 2.2: Differentiated Target Reliability Levels & Sources (Retief, 2015) 
Performance Class β Source 
Ductile, gradual modes of failure (Reference) 3.0  
Milford (1998) 
SABS 0160-1989 Brittle, sudden modes of failure 4.0 
Connection details between components 4.5 
   
Safety class (SC) → Reference class 3.1  
ISO 2349 
EN 1990 SC – Consequences Great or Cost Moderate 3.8 
SC – Conserquences Great and Cost Moderate 4.3 
   
Fatigue – Inspection possible 2.3/1.5 ISO 2349 (EN 1990 – 1.5)  
Fatigue – Inspection not possible 3.1 ISO 2349 (EN 1990 – 3.8)  
   
Serviceability – Irriversible 1.5 ISO 2349, EN 1990 




Table 2.3: Target Reliability Levels taken from ISO 2394 & EN 1990 (Retief, 2015) 
 
Relative cost of 
safety measures 
ISO 2394 Minimum values for β 
Consequences of failure 
Small Some Moderate Great 
High 0 1.5 (A) 2.3 3.1 (B) 
Moderate 1.3 2.3 3.1 (C) 3.8 (D) 
Low 2.3 3.1 3.8 (D) 4.3 (E) 
A For serviceability limit states β = 0 for reversible and β = 1.5 for irreversible 
states 
B For fatigure limit states states β = 2.3 to 3.1 depending on the possibility of 
inspection  
For ultimate states the safety classes:      C β = 3.1  D β = 3.8 E β = 4.3 
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EN 1990 Mimimum values for β 
Ultimate LS Fatigue Serviceability LS 
Reference 
period 
1 year 50 years 1 year 50 years 1 year 50 years 
RC1 4.2 3.3     
RC2 4.7 3.8 (F)  1.5 to 3.8 2.9 1.5 
RC3 5.2 4.3 (G)     
F With ISO 2394 clause 4.2(b) moderate safety costs & RC2 consequences, but EN 
1990 is more conservative; EN 1990 value agrees with ISO 2394 for either low 
safety cost or great consequences. 
G EN 1990 value for RC3 agrees with ISO 2394  for low safety cost and great 
consequences. 
ISO:                     
2.3 - 3.1 
EN:                     
1.5 - 3.8 
 
Fatigue: 
ISO 2394 – restricted range;  
EN1990 – range from serviceablility LS 
equavalent to ultimate LS 
 
Holický (2009) states that it important to note that the probability of failure and the 
corresponding reliability index are notional values i.e. they do not necessarily represent 
actual failure rates but rather are used for code calibration and comparisons of reliability 













3.1 Design Formulation Principles 
 
The new South African loading standard or (SANS10160, 2018), was developed and 
formulated based on the structural reliability principles of the Eurocode (EN1990, 2002). 
Although it should be noted that in the previous South African loading codes for buildings, 
SANS 10160 (2011) and SABS 0160 (1989), principles of reliability had already been 
introduced to the country (Kemp, et al., 1987) and calibrated accordingly (Milford, 1988). 
The materials standard for steel design, SANS 10162-1, was an adoption of the Canadian 
code for steel (CSA S16). In the following section an evaluation the design formulation 
principles for SANS 10162-1 will be made and compared with those described in EC3.  
 
3.1.1 SANS 10162-1 Formulation Principles 
 
The South African material design code for hot-rolled steel SANS 10162-1 is based on the 
load and resistance factor design method otherwise known as LRFD. The LRFD method 
uses partial factors to approximate the probability of failure, this is a semi probabilistic 
method. The LRFD method follows the concept of limit states in that for a structure to be 
satisfactory, Equation 3.1 must be true. 
 Ed < Rd (3.1) 
 
In equation 3.1, Ed is the value describing the effect of actions or loads and Rd is the value 
that describes the structural resistance. The basic variables describing the load effect Ed and 
the structural resistance Rd reflect the uncertainties in each parameter. The effect of actions 
and the structural resistance can be determined from Equation 3.2 and 3.3 respectively 
 Ed = E�∑ 𝛾𝛾𝐹𝐹,𝑖𝑖 ×  𝜓𝜓𝑖𝑖  ×  𝐹𝐹𝑘𝑘,𝑖𝑖� (3.2) 





The design value for the effect of actions Ed in Equation 3.2 can be summarised as the 
combined effect of the partial factor allowing for variability of action 𝛾𝛾𝐹𝐹,𝑖𝑖  multiplied by the 
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combination factor for variable actions ψi multiplied by the characteristic value of action i, 
Fk,i. In Equation 3.3 the partial factor for uncertainties in resistance model and geometric 
deviations is denoted by the symbol γR, the partial material factor for uncertainties in the 
material property is denoted by γm and the characteristic value of material property is 
denoted by xk,i.  
 
The partial load factors had been calibrated to local (South African) conditions using the 
notion of Global Safety Factor required to achieve the target reliability index, which 
involves solving an inverse First Order Reliability Method (FORM) for a given target 
reliability of βt = 3.0 (Retief & Ter Haar, 2001). The GSF can be obtained using Equation 
3.4 
 GSFmean = µ𝑅𝑅µ𝐺𝐺+µ𝑄𝑄  
(3.4) 
 
Where the mean values of resistance are denoted by µR, the mean values of permanent actions 
are denoted by µG and the mean value of variable actions is denoted by µQ. 
 
3.1.2 EC 3 Formulation Principles 
 
Similar to SANS 10162-1, The Eurocode EN 1990 is based on principles of structural 
reliability as described in ISO 2394. It uses a Level 1 reliability method called the design 
value method which is a semi-probabilistic design method that uses partial safety factors. 
The design value method follows that the limit state may not be exceeded by all the basic 
variables used for the load effect E as well as the structural resistance R. The design values 
of the basic variables E and R, are Ed and Rd and must comply with Equation 3.1. The 
design values of all the basic variables can be expressed as 
 Ed = E {𝐹𝐹𝑑𝑑1, 𝐹𝐹𝑑𝑑2, … 𝑎𝑎𝑑𝑑1, 𝑎𝑎𝑑𝑑2, …  𝜃𝜃𝑑𝑑1,  𝜃𝜃𝑑𝑑2, … } (3.5) 
 Rd = R {𝑋𝑋𝑑𝑑1, 𝑋𝑋𝑑𝑑2, … 𝑎𝑎𝑑𝑑1, 𝑎𝑎𝑑𝑑2, …  𝜃𝜃𝑑𝑑1,  𝜃𝜃𝑑𝑑2, … } (3.6) 
 
In equations 3.5 and 3.6 E and R, are functions describing the load effect and the structural 
resistance respectively. The general symbol for actions is denoted by F and the symbol for 
material properties is denoted by X. Model uncertainties are denoted by the symbol θ and a 
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denotes geometrical properties. The design values are denoted by the subscript “d”. When 
only two variables are considered the design values may be calculated using Equation 3.7 
and 3.8 
 P (E > Ed) = Φ(+𝛼𝛼𝐸𝐸β) (3.7) 
 P (R ≤ Rd) = Φ(-𝛼𝛼𝑅𝑅β) (3.8) 
 
Where β is the target reliability index, the sensitivity factors αE and αR, (with |α| ≤1) are 
determined by the FORM. In EN 1990, the sensitivity factor for unfavorable actions αE is 
negative and the resistance sensitivity factor αR is positive. Furthermore EN 1990 
recommends αE = -0.7 and αR = 0.8 (EN1990, 2002). 
 
Holický (2009) noted that the relationship of individual partial factors of the Eurocode can 
be indicated by Figure 3.1. The partial factor γF is split into two factors, the model 
uncertainty factor γEd and the load intensity factor γf. The partial factor γM is also split into 
two factors, the material property factor γm and the resistance model uncertainty factor γRd. 
The values can be determined from Equation 3.9 and 3.10 
 γF = γf .γEd (3.9) 














EN 1990 recommends the load effect factor γEd to be between 1.05 – 1.15 and the resistance 
factor γRd will depend on the construction materials and the behaviour of the member (e.g. 
1.05 for the bending of a steel beam and 1.15 for the capacity of a welded connection). 
However Nationally Determined Parameters (NDP) exist to allow for the local calibration of 
the partial factors. 
 
3.2 Load Combination Scheme 
 
Holický et al. (2015) suggests that the formulation of combination schemes for the various 
design standards represents a key element in the reliability basis of design, and that the design 
scheme is linked to the respective combinations (permanent, accidental, variable action, etc.). 
Various design schemes in both EC3 and SANS 10162-1 can be derived from Equation 3.11 
 � 𝛾𝛾𝜕𝜕,𝑖𝑖𝐺𝐺𝑘𝑘,𝑖𝑖 + 𝛾𝛾𝑄𝑄,𝑖𝑖𝜓𝜓0,1𝑄𝑄𝑘𝑘,1 +  � 𝛾𝛾𝑄𝑄,𝑖𝑖𝜓𝜓0,𝑖𝑖𝑄𝑄𝑘𝑘,𝑖𝑖
𝑖𝑖>1
  (3.11) 
Where the partial factors for permanent (Gk,i) and variable (Qk,i) actions are denoted by the 
symbols γG,i and γQ,i. The combination factors are denoted by ψ0,i. 
 





SANS 0160 LC1 – STR-P 1,35Gk + 1.0Qk 
 LC2 – STR 1,2Gk + 1,6Qk    
 LC3 – STR-P 1.35Gk 
 LC4 – STR-W 1.2Gk + 0.5Qk + 1.6Wk 
EN 1990 LC1 – STR-W 1,35Gk +1.05Qk + 1,5Wk  
 LC2 – STR 1,35Gk + 1,5Qk  
 LC3 – STR-P 1,35Gk + 1.0Qk 
 
The summary of load combination schemes (Table 3.1) as specified in SANS 10160-1 and 
EN 1990, reflects a selection of a few combinations that are largely used in practice for 











3.2.1 SANS 10162-1 Load Combination Schemes 
 
Turkstra’s rule for the assessment of the combination of actions states that the effect of 
combination of actions is based on the leading or dominant action not being reduced but 
rather the accompanying non-dominant actions being reduced by combination factors ψ0,i ≤ 
1 (Turkstra C.J., 1980). The combination scheme for multivariable actions needs to maintain 
a minimum level of reliability across a range of load ratios where either variable or 
permanent loads dominate. A combination of Turkstra’s rule and calibration to local 
conditions (Milford, 1988) are used to achieve a consistent level of reliability. The load 
combination scheme for multivariable actions can therefore be expressed as follows 
(Mahachi, 2019): 
 
 Ed, STR = 1.2Gk + 1.6 Qk,1 + ∑ 𝜓𝜓0,𝑖𝑖1.6𝑄𝑄𝑘𝑘,𝑖𝑖𝑖𝑖>1  (3.12) 
 Ed, STR-P = 1.35Gk + 1.0 Qk  (3.13) 
 
Equation 3.13 indicates a combination scheme where the dead load (permanent action) is 
dominant. The STR and STR-P combination schemes in SANS 10162-1 are defined as the 
cases where either the live load is dominant (STR) when internal failure of the structural 
member requires that the strength of the material will provide significant resistance, or when 
the dead load is dominant (STR-P). The design South African design schemes in 
consideration are as presented in Table 3.1. 
 
3.2.2 EC 3 Load Combination Schemes 
 
The design value for the load effect Ed is obtained using a characteristic value (Gk, Qk, Wk) 
multiplied by their respective partial factors (γG, γQ, γW) and reduction factors. The two 
combinations schemes presented in Table 3.1 are derived from Equation 3.11 and are in 
accordance with the accepted design schemes specified by EN 1990. The STR-W 
combination scheme is used when the wind load is dominant. 
 










Under variable action of the load effect Ed, it would be difficult to directly compare the 
characteristic values therefore the quantities related to the characteristic values (Gk, Qk, Wk) 
are related using ratios of the variable actions. Mahachi (2019) used statistical moment 
parameters to represent the wind load ratio α and the live load ratio ζ, as defined by 
Equation 3.14 and 3.15 respectively. It is important to note that the symbol alpha α in this 
section is exclusively used to represent the wind load ratio not skewness and sensitivity 
factors as previously defined in the preceding sections. 
 α = 𝑊𝑊𝑘𝑘
𝜕𝜕𝑘𝑘+𝑄𝑄𝑘𝑘+𝑊𝑊𝑘𝑘 
 (3.14) 
 ζ = 𝑄𝑄𝑘𝑘
𝜕𝜕𝑘𝑘+𝑄𝑄𝑘𝑘
 (3.15) 
An analysis of the load combination schemes presented in Table 3.1 is made using Monte 
Carlo Simulation in order to determine the probability of failure as defined in Equation 2.27. 
The statistical moment parameters of the load effect used to calculate the probability of 
failure are as illustrated by Table 3.2. 
 
Table 3.2: Statistical moment parameters of the load effect (Mahachi, 2019) 






Permeant load (G) Normal 1.05 0.1 
Live load – 
Lifetime max (5% 
characteristic) 
 




Live Load  (Office 
floor) –Point in 
time 
Gumbel Type I 0.68 0.25 
Wind lifetime max Gumbel Type I 0.70 0.35 
 
For the following Figures 3.2 and 3.3, the reliability index β is plotted against the live load 
ratio ζ for a wind load ratio α = 0. 
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Figure 3.2. Reliability Indices for SANS 10160 load combination schemes (Mahachi, 2019) 
 
Figure 3.3. Reliability Indices for Eurocode load combination schemes (Mahachi, 2019) 
 
With reference to load combination schemes of Table 3.1 and the results of Figure 3.2, the 
following observation has been made: Load combinations 3 (LC 3,where the dead load is the 
only load in consideration i.e. dominant) and 4 (LC 4 ,where the wind load is dominant) of 
the SANS 10160 load combination schemes, produce low levels of  reliability index for live 
load ratios less than 0.5. In fact at the live load ratio of 0.5 the reliability index is zero, this is 
not in line with the target reliability index required in SANS 10160 (2018) where βt = 3.0.  
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For load combination 1 (LC 1, where the permanent or dead load is dominant) reliability 
levels are above the required 3.0 mark at low levels of live load ratio, SANS 10160 stipulates 
that the live load ratios for hot-rolled steel must be between 0.5 and 0.8 for practical ranges of 
the live load. The reliability level just before the practical live load range (at 0.3) in LC1 
meets the required target reliability level, however begins to decrease down to approximately 
1.9. 
 
Similarly with reference to the load combination schemes of Table 3.1 and the results of 
Figure 3.3, the following observation has been made: Load combination 1 (LC1, where the 
wind load is dominant) of the EN 1990 combination scheme, unlike SANS LC 4 the levels of 
reliability are above the target reliability index βt = 3.0 required in SANS 10160 (2018) for 
low live load ratios, however they do not meet the requirements of the EN 1990 which state a 
target reliability βt = 3.8 for medium consequences. Only LC 2 of both SANS 10160 and EN 
1990 indicate uniform a reliability index within the practical live load ratios that meet the 
required target reliability index values.   
 
Figure 3.4. Reliability Indices for LC 2-STR of both codes (Mahachi, 2019) 
 
In Figure 3.4 a comparison is made for load combination 2 of both the codes (SANS 10160 
and EN 1990). For practical live load ratios between 0.5 and 0.8, the Eurocode combination 
produces higher reliability index levels ranging from between 3 and 3.5 whereas the 
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reliability index levels for SANS seem to be uniform at a value of 3.3. At a live load ratio of 
0.6 both values overlap at a reliability index of 3.3. From live load ratios greater than 0.6, the 
SANS reliability levels exceed those of the Eurocode and at a live load ratio of 0.8 the value 
of the Eurocode is equal to 3.0. 
 
Figure 3.5 shows the reliability index β plotted against the live load ratio ζ for an increased 
wind load ratio α = 0.6 to see the effect of a higher wind load ratio for load combination 2 
(only) of both codes. 
Figure 3.5. Reliability Indices for LC 2-STR of both codes at a higher wind load ratio 
(Mahachi, 2019) 
 
In Figure 3.5 a comparison is made for load combination 2 of both the codes (SANS 10160 
and EN 1990) at a higher wind load α = 0.6. For practical live load ratios between 0.5 and 
0.8, the SANS combination generally produces higher reliability index levels ranging from 
2.7 to 3.0. The Eurocode has a higher reliability index of 2.8 at the live load ratio of 0.5, this 
value remains generally uniform for higher live load ratios. It should be noted that at higher 
wind load ratios only the SANS code achieves the required target reliability margin βt = 3.0, 
except for low live load ratios. 
3.3 Material Structural Resistance 
 
The structural resistance R of a member is a function of the material dimensions, strength and 
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cross-sectional geometry; the load carrying capacity of a structure is given by the structural 
resistance. The structural resistance inherently has uncertainties associated with it, as the 
fabrication, material properties and general variability of the resistance components can be 
possible sources for uncertainties. Through a combination of engineering judgement or 
experience, tests and through the observation of existing structures the variability of R has 
been quantified to a certain degree (Nowak & Collins, 2000). However, since the components 
of a structure (e.g. members) are made of composite materials, information on the resistance 
of these members is seldom available. In these instances it is necessary to develop resistance 
models and when modelling the material resistance R, it is prudent to consider the resistance 
as a product of the nominal resistance Rn as well as parameters that reflect the uncertainties in 
the fabrication (F), methods of analysis used (P) and variation of the strength of the material 
(M). This relationship is described by the Equation 3.16 
 R = Rn.M.F.P (3.16) 
 
In the design codes the factors M, F, and P have been incorporated into the nominal 
resistance where the fabrication factor is described as the ratio of actual to nominal cross-
sectional properties otherwise known as the plastic modulus Z. The professional factor (P) is 
the ratio of test capacity to the modelled capacity and finally the material factor is the ratio of 
actual to nominal material properties, which can be further described as the yield strength of 
steel fy (Nowak & Collins, 2000). Equation 3.17 is the nominal resistance in bending for a 
plastic analysis. 
 Rn = Fy.Z (3.17) 
The representative statistical parameters of the resistance parameters M, P, and F of hot-










Figure 3.6. Resistance statistics of structures from hot-rolled steel elements (Nowak & 
Collins, 2000) 
 
3.3.1 SANS 10162-1 Material Resistance 
 
The design resistance capacity is calculated by multiplying a capacity reduction factor Ø with 
the nominal resistance Rn as expressed by Equation 3.18. The capacity reduction factors are 
derived from a combination of the partial material factor γm and the partial resistance factor 
γR.  
 Rd = ØRn (3.18) 
The partial load factors of the old loading code SABS 0160 (1989) had been calibrated 
against the Eurocode (EN1990, 2002); however similar calibration exercises had not been 
undertaken for the new loading code SANS 10160 (2018). Therefore, a disconnection 
between SANS 10162-1 and the new loading coded exists; further research into calibrating 
the partial load factors with the new loading code is required.  
 
In the paper by Mahachi (2019), a continuously laterally supported class 1 section under 
bending is analysed and a comparison of the moment resistance of the member is made 
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between SANS 10162-1 and EC 3. The moment resistance of a member can be determined by 
Equation 3.19 
 Mr = Ø Zpl fy (3.19) 
Where the capacity reduction factor Ø is equal to 0.9, the yield stress of the member is fy and 
finally the section’s plastic modulus is Zpl. To see the effect of the reduction capacity factor Ø 
on the reliability margin, factors of 0.85 and 0.95 were modelled in so that a comparison 
could be made with the SANS-10162-1 recommended value of 0.9. The load factors and load 
combinations used remain unchanged as per Table 3.1 in the previous section. A Monte Carlo 
simulation was performed in order to determine the effect of the moment resistance as well as 
the capacity reduction factor on the level of reliability. 
 
In this dissertation a similar comparison will be made on the moment resistance of a laterally 
unsupported class 1 beam subjected to bending (457 x 191 x 74 I Beam), a further 
comparison will also be made to a class 1 compression member (203 x 203 x 46 H Column) 
subjected to an axial load to analyse representative examples of flexure and compressive 
strength. Both members (column and beam) will be simply supported, the length and height 
of the spans will be varied between 1m and 10m. 
 
The critical elastic moment resistance of a laterally unsupported member under bending can 
be determined by Equation 3.20 (SANS10162-1, 2005)  
 





The critical elastic moment (Mcr) is used to determine whether the beam can be defined as 
short, slender or intermediate. Slender beams fail due to lateral torsional buckling; therefore 
the moment resistance of the section Mr would be equal to the capacity reduction factor 
multiplied by the critical elastic moment, as indicated by Equation (3.21b).  The ratio of the 
critical elastic moment Mcr to the full moment capacity Mp, determines whether a beam is 
defined as short, slender or intermediate. A check must be done in accordance with Equation 
3.21 in order to determine the moment resistance of a laterally unsupported member subject 
to bending (SANS10162-1, 2005).  
 When Mcr > 0.67Mp, Mr = 1.15.Ø.Mp(1-0.28Mp/Mcr) ≤ ØMp (3.21a) 
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 When Mcr ≤ 0.67Mp, Mr = ØMcr (3.21b) 
 
Where Mcr is the critical elastic moment of an unbraced length, Cw is the torsional constant 
and KL is the effective length of the unbraced member.  
 
For a member that is under axial compression, the design compressive resistance can be 
calculated using Equation 3.22 (SANS10162-1, 2005)  
 Cr = ØAfy(1 + λ2n)–1/n (3.22a) 
 




  and n = 1.34 (for doubly symmetric welded plate, 2.24) 
(3.22b) 
 
3.3.2 EC3 Material Resistance 
 
Similar to the SANS 10162-1 code, the capacity reduction factors are derived from a 
combination of the partial material factor γm and the partial resistance factor γR. The capacity 
reduction factor as specified in EC3 can be determined as the inverse of Ø (the capacity 
reduction factor), expressed by Equation 3.23 (EN3, 2002) 





Where γm is equal to γM0 (numerical value of 1.1) for class 1 and class 2 members.  It is 
important to note that EC3 allows for the partial factors to be determined nationally using 
NDP’s. Unlike with SANS 10162-1, EC3 does not have separate limits for laterally 
unsupported and laterally supported members. However, for laterally unsupported members 
lateral torsional buckling must be checked so that the moment resistance can be determined 
by Equation 3.24 (EN3, 2002) 
 Mb,Rd =ΧLTβwWpl.yfy / γM1 (3.24a) 
 ΧLT = 1
𝛷𝛷𝐾𝐾𝛷𝛷+√𝛷𝛷2𝐾𝐾𝛷𝛷− 𝜆𝜆2𝐾𝐾𝛷𝛷
, but ΧLT ≤ 1  (3.24b) 
 ΦLT = 0.5 [1 + αLT (λLT – 0.2) + λ2LT] (3.24c) 
 











Wpl.y is the plastic section modulus which is the same as the SANS 10162-1 section modulus 
denoted by Zpl, βw is equal to 1 for class 1 and 2 sections and ΧLT is the capacity reduction 
factor for lateral torsional buckling. The lateral-torsional imperfection factor αLT is 
determined by the type of buckling curve where a0 = 0.13, a = 0.21, b = 0.34, c = 0.49 
and d = 0.76.  
 
For a member that is under axial compression, the compression resistance for a member 
subject to buckling can be calculated using Equation 3.25 where χ is the reduction factor used 
for the relevant buckling mode. (EN3, 2002) 
 Nb,Rd =  𝜒𝜒𝜒𝜒𝑓𝑓𝑦𝑦 𝛾𝛾𝑀𝑀1  
(3.25a) 
 χ = 1
𝛷𝛷+√𝛷𝛷2− 𝜆𝜆2
, but χ ≤ 1 (3.25b) 
 Φ = 0.5 [1 + α (λ – 0.2) + λ2] (3.25c) 
 
λ = �𝜒𝜒𝑓𝑓𝑦𝑦𝑁𝑁𝑀𝑀𝑟𝑟 
(3.25d) 
Calculating the compressive resistance of EC3 is not as straight forward as that of SANS 
10162-1. Both codes calculate the yield stress reduced by reduction factors, EC3 additionally 
has buckling curves (a, b, c, d) and an imperfection factor which is assigned to represent a 
column curve. The reduction factor for EC3 is as stated in clause 5.5.1.2 of the Eurocode as 
well as Equation 3.25c.  
 
3.4 Deterministic Comparison of SANS 10162-1 & EC 3  
 
In order to determine characteristic values of the resistance, a deterministic comparison is 
made. The characteristic values would then be used in the probabilistic comparison of SANS 
10162-1 and EC3 in order to determine the level of reliability of the selected members. In the 
following section a comparision between EC3 and SANS 10162-1 is made on flexural (457 x 
191 x 74 I Beam) and compressive (203 x 203 x 46 H Column) members the results of 
which are as depicted in Figures 3.7 and 3.8.  The sections used in the comparison are based 
on S355JR steel which have a Young’s Modulus E = 200GPa for SANS 10162-1 and E = 210 
GPa for EC3. The yield stress fy =350 Mpa (when tf > 16 mm) for SANS and 355MPa (when 
tf > 40 mm) for EC 3. In the paper by Walls & Viljoen (2016), a full deterministic 
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comparison of EC3 and SANS 10162-1 had been done, Figure 3.7 and 3.8 have been taken 
from that paper.  
 
Figure 3.7. Comparison of EC3 and SANS 10162-1 compressive stresses (Walls & Viljoen, 
2016) 
 
In Figure 3.7, the compressive stress has been plotted as a function of the slenderness ratio. 
SANS 10162-1 limits the slenderness ratio (KL/r) for compression members to 200. EC3 
does not directly state a slenderness limit and arguably, in the theoretical sense, an infinite 
slenderness would be allowed (Walls & Viljoen, 2016). However, the buckling modes in 
practice would not allow an infinite stiffness. The compressive resistance of a UC 203 x 203 
x 46 H member divided by the cross-sectional area of the member gives the compressive 
strength, which is plotted against the slenderness ratio. For a pin-pin ended member the K 
factor is equal to 1. The buckling curve corresponding to the UC 203 x 203 x 46 H section is 
the “b” buckling curve for when the member buckles around its major axis and bucking curve 
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“c” for when the member buckles around its minor axis. 
At the lowest slenderness ratio, the SANS 10162-1 curve is at its highest compressive stress 
of approximately 330MPa and reduces down to 50MPa at the allowable limit (200MPa) of 
the slenderness ratio. For EC3 curve “a0”, “a” and “b” all predict higher compressive stresses 
than the SANS curve, it is only curves “c” and “d” that are consistently below the SANS 
curve from slenderness ratios of approximately 30MPa and 80MPa respectively. The value of 
the imperfection factors is noted by plotting a Euler bucking curve, for when the imperfection 
factor is equated to zero and the 0.2 value in Equation 3.52c is set to 1 the EC3 curves will 
match the Euler curve (Walls & Viljoen, 2016). For this study, we can ignore buckling curves 
“a0”, “a” and “d”. The average compressive strength difference between the compressive 
strength curve of SANS 10162-1 and that of EC 3 curve “b” is 9.1% and curve “c” is 9.3%, 
which means that the Eurocode predicts higher yield stresses overall. 
 
Figure 3.8. Comparison of EC3 and SANS 10162-1 bending stresses (Walls & Viljoen, 2016) 
 
In Figure 3.8, the bending stresses have been plotted as a function of the length. In similar 
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fashion to the compressive stresses, SANS 10162-1 limits the slenderness ratio (KL/r) for 
tension members to 300.  The section selected for this study is the UB 457 x 191 x 74 I 
Beam, SANS 10162-1 classes this member as a class 1 which is the same classification as 
EC3. The Eurocode additionally uses a type “b” buckling curve. From the results it is 
observed that SANS yields higher bending stresses between 3m and 4.5m where the stresses 
are approximately 280MPa and 220MPa. But on average the buckling bending stresses are 
very similar.  
3.5 Semi-Probabilistic Comparison of SANS 10162-1 & EC 3  
 








































Modulus of elasticity E MPa Det. 200 200 0 - 
2 Steel strength fy MPa Det.  350 - - 
 
- 




Det. 527 527 0 - 
4 Materials Second Moment of Inertia  Iy mm
 
Det. 16.7 16.7 0 - 




Det. 820 820 0 - 
6  Shear Modulus G MPa Det. 77 77 0 - 








Span of the Beam L m N Varies  Varies Varies - 
9 Section Modulus Beam W  mm3 Det. 1660  1660 
 
0 - 
10 Column Length/Height h m N Varies  Varies Varies - 
11 Cross Sectional area 
l  
A m2 Det. 5.88 5.88 0 – 
 
Values for the basic variables have been obtained deterministically from the semi-
probablistic comparison of the codes as well as theoretical models describing a steel column 
and beam, which have been obtained from the probalistic model code (JCSS, 2002). Some of 
the variables are considered to be random variables having normal (N), lognormal (LN) 
distributions and others are considered to be deterministic (Det.); see Table 3.3. Where data is 
unavailable, the probability distributions of material resistances were assumed to be normal 
and the values of the mean and standard deviation were obtained from Table 3.4. 
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Table 3.4: Resistance statistics for hot-rolled steel elements (Ellingwood, et al., 1980) 
Description Ṝ/Rn VR 
Structural Steel 
 
Tension members, limit state – yielding 1.05 0.11 
Tension member, limit state – tensile strength 1.10 0.11 
Compact Beam, uniform moment 1.07 0.13 
Beam-Column 1.07 0.15 
Plate Girders, flexure 1.08 0.12 
A325 HS Bolts, tension 1.20 0.09 




Braced Beams with stiffened flanges 1.17 0.17 




Beams, laterally braced 1.10 0.08 
Beams, unbraced 1.03 0.13 
 
The reliabity of a laterally unsupported steel beam is then verified using probabilistic 
methods. The design value of the flexural resistance of a laterally unsupported beam Rd is 
defined by Equation 3.26. In SANS 10162-1 a check is required in order to determine if the 
beam is short, intermediate or slender. The moment resistance is reliant on the beam 
definition, therefore an evaluation of  the critical elastic moment Mcr (as defined by Equation 
3.20) against the plastic moment must be done with accordance with Equation 3.21. The 
design value of the flexural resistance is modified and described by Equation 3.26 as follows.  
Rd = 1.15.Ø.Mp(1-0.28Mp/Mcr) (3.26a) 
Rd = ØMcr (3.26b) 
Through a deterministic evaluation of the selected beam section (457 x 191 x 74 I Beam), It 
has been determined that for lengths between 1m and 4.5m the design value Rd  must be 
determined using Equation 3.26a and for lengths exceeding 4.5m (but limited to 10m for this 
study) Equation 3.26b should be used. The capacity reduction factor Ø is given as 0.9, Mp or 
the full moment capacity can be determined by multiplying the yield stress fy with the section 
modulus Zpl. The variables for the critical elastic moment are as described in table 3.3.   
EC3 does not distinguish the limits between a laterally supported member and one that is 
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laterally unsupported, instead a check must be done for torsional lateral buckling on a 
member when designing. The design value Rd for the flexural resistance of a laterally 
unsupported beam is defined by Equation 3.27 
Rd = ΧLTβwWpl.yfy / γM1 (3.27a) 
 
The capactiy reduction factor for lateral torsional buckling ΧLT can be determined from 
Equation 3.24b, βw is 1 and the remaining variables are as previously defined in the preceding 
section. The section modulus as well as the yield stress are as expressed as basic random 
variables with PDF’s in table 3.3. 
 
In a similar fashion to the beams above, the reliabity of a steel column can also be verified 
using probabilistic methods. The design value of the resistance Rd  of a steel column in SANS 
10162-1 is defined by Equation 3.27 








The capacity reduction factor is 0.9, the cross sectional area is denoted by A. The slenderness 
portion of the equation can be determined by substituting the radius of gyration r, the 
effective length h and the “K” value which will be equal to 1 for a pin-pin ended column. 
 
EC3 calculates the design value of the resistance Rdc of a steel column using Equation 3.28. 
Where χ is the reduction factor used for the relevant buckling mode. The other variables have 
been previously defined and are obtained from table 3.3. 
Rdc =  𝜒𝜒𝜒𝜒𝑓𝑓𝑦𝑦 𝛾𝛾𝑀𝑀1  
(3.28) 
 
With reference to the limit state function G(X) = g(X1, X2, X3, … Xn), the variables of the 
vector X have been determined and therefore the limit state fuction or reliability margin 
described by Equation 2.15 can be modified and expressed as Equation 3.29 for beams 
subjected to bending and Equation 3.30 for columns subjected to axial compresssion. 
G(X) = P (Gk + Qk + Wk ≥ Rd) (3.29) 
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G(X) = P (Gk + Qk + Wk ≥ Rdc)  (3.30) 
  
The probability of failure given by Equation 2.16 is modified and expressed as Equation 
3.31 and 3.32 for SANS 10162-1 flexural beam elements, and Equation 3.33 for the column.  






)2 𝐼𝐼𝑦𝑦𝐶𝐶𝑤𝑤 ] 
(3.31) 






)2 𝐼𝐼𝑦𝑦𝐶𝐶𝑤𝑤 ] 
(3.32) 







The same modification of Equation 2.16 is done and expressed as Equation 3.34 for EC3 
flexural beam and Equation 3.35 for the column. 
Pf = P [ (Gk + Qk + Wk) ≥ ΧLTWpl.y.fy(1/ γM1)] (3.34) 
Pf = P [ (Gk + Qk + Wk) ≥ (χ (1/ γM1) Afy] (3.35) 
The reliability index is then determined by substituting each equation (from 3.31-3.35) 
individually into Equation 3.36  
β =-Φ-1 (Pf   ) (3.36) 
Equation 3.36 is then evaluated using computer software MATLAB, as well as an Excel 
spreadsheet in order to determine the reliability levels of a laterally unsupported steel beam 
subjected to bending as well as a steel column subjected to axial compression. In this 
research no eccentricity will be considered for ease of calculation, however it should be 
noted that it is near impossible to load a column precisely at its centre (hence there will 
always be an eccentricity).   
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Chapter 4                                                                                                                                                                                                                                                                                                                                                                                                          
Results & Research Findings 
 
4.1 Reliability Analysis Results 
 
Under this section the results of the semi probabilistic formulation of the limit state are 
shown. Equation 3.36 is evaluated using the selected practical load combinations in Table 
3.1 and the results of the simply supported steel member in bending’s reliability index β, is 
plotted as a function of the ratio of imposed loads. The same evaluation is repeated for a 
simply supported steel member under axial compression and the reliability index β is plotted 
as a function of the ratio of imposed loads at any given (between 1-10m) length “L” for the 
beams and height “h” for the columns. 
 
4.1.1 SANS 10162-1 Beam & Column Reliability Levels 
 
The imposed load ratio otherwise known as the live load ratio ζ, is incremented by a value 
of 0.1, between 0 and 1, and plotted on the x-axis with the β values on the y-axis.  In Figures 
4.1 to 4.5 below, the SANS load combinations presented in Table 3.1 (STR, STR-P & STR-
W) are plotted at different wind load ratios (at increments of 0.2) to demonstrate their effect 
on the reliability index of laterally unsupported beams. The maximum wind load ratio α = 
0.6 is recommended by the code; wind load ratios beyond this value aren’t practical and can 
be ignored. However, Figure 4.5 has been plotted to demonstrate how the reliability indices 
appear at these extreme impractical wind load ratios. 
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Figure 4.1. Comparison of SANS 10162-1 Beam Reliability Indices (when α = 0). 
 
With reference to the load combination schemes presented in Table 3.1 and Figure 4.1, the 
following observations were made: At a low wind ratio (α = 0), the load combination scheme 
where the wind load is dominant, LC4, produces low levels of reliability. Which is expected 
since the dominating factor is the wind load and the live load partial factor of 0.5 is relatively 
low.  The load combination scheme where the live load is dominant, LC2, at a live load ratio 
of 0.3 has a reliability index equal to 3.0 which is line with the target reliability index 
required in SANS 10160 (2018) where βt = 3.0 for moderate consequences of failure (RC2). 
The reliability indices of LC2 increase to a maximum of 3.5, and in the practical live load 
range between 0.5 and 0.8, are well above the stipulated target value βt. 
 
Figure 4.2. Comparison of SANS 10162-1 Beam Reliability Indices (when α = 0.2). 
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At a wind ratio α = 0.2, LC4 still produces low levels of reliability for the full range of live 
load ratio’s, however there is a significant rise in reliability indices. LC2 remains unchanged 
by the rising wind load ratio, it still predicts acceptable reliability indices of 3.0 and above 
from a live load ratio of 0.3. Although at lower live load ratios (between 0 and 0.2) the 
reliability index of LC2 is below the target level of 3.0 and this can especially become 
problematic with high relative cost of safety measures, as RC2 stipulates a target reliability 
level of 2.3 for high relative costs of safety measures.  LC1 predicts low reliability indices 
ranging from 2.4 to a maximum of 2.53 and a low of 2.3 at a variety of live load ratios for 
moderate consequences of failure; however the reliability indices are in line with the 2.3 
target value for high relative cost of safety measures for RC2.  
 
Figure 4.3. Comparison of SANS 10162-1 Beam Reliability Indices (when α = 0.4). 
 
At a wind ratio α = 0.4, LC4 is starting to produce higher reliability indices with the highest 
being 2.9 at a low live load ratio (ζ=0). LC2 reliability indices have reduced by a margin of 
0.1 for the full range of live load ratios, however the reliability levels in the practical range of 
0.5 and 0.8 are still acceptable at a range between 3.3 and 3.49.  LC1 produces largely 
unchanged reliability indices, but at a live load ratio of 1, the reliability index has reduced to 
a value of 2.0 which is lower than the target value of 2.3 for high relative cost of safety 
measures for RC2.  
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Figure 4.4. Comparison of SANS 10162-1 Beam Reliability Indices (when α = 0.6). 
 
At a wind ratio α = 0.6, which is the recommended wind load ratio, LC4 produces a linear set 
of results ranging from a maximum high of 2.9 to a low reliability index of 2.6. LC4 
demonstrates an almost consistent reliability level; however the maximum value is below the 
target value of 3.0. LC2 reliability levels show a general trend of decreasing reliability when 
the wind load ratio is high, however the reliability indices in the practical range of 0.5 and 0.8 
are still acceptable and range between 3.0 and 3.3 (the reliability index at a live load ratio of 
0.5 is 2.89). At a higher wind load ratio LC1 produces low reliability indices, maxing at a low 
2.12 (at ζ=0.5).  
 










At a wind ratio α = 0.8, which as mentioned above is beyond practical wind load ratios but 
for the purpose of demonstration the reliability indices have been presented in Figure 4.5. 
LC4 produces an almost constant linear set of results all below the stipulated target reliability 
of 3.0 for moderate consequences of failure. LC2 reliability indices are all below the 
recommended target value of 3.0. LC1 consistently produces low reliability indices.  
 
Similarly, in the case of a column under axial compression, the live load ratio ζ is plotted on 
the x-axis and is incremented by a value of 0.1, between 0 and 1, and the β values on the y-
axis. In Figures 4.6 to 4.10 below, the SANS load combinations in Table 3.1 (STR, STR-P & 
STR-W) are plotted at different wind load ratios (at increments of 0.2) to demonstrate their 
effect on the reliability index of an axially loaded column.  
 
Figure 4.6. Comparison of SANS 10162-1 Column Reliability Indices (when α = 0). 
 
With reference to the load combination schemes presented in Table 3.1 and Figure 4.6, the 
following observations were made: At a low wind ratio (α = 0) LC4 produces low levels of 
reliability, this is in line with the observation made with the SANS 10162-1 beam. LC2 
produces reliability indices ranging from 2.99 at a live load ratio of 0.2, to a reliability index 
of 3.6 at a live load ratio of 1. LC2 reliability indices are therefore generally in line with the 
target reliability index required in SANS 10160 (2018) where βt = 3.0 for moderate 
consequences of failure (RC2). LC1 rebliability indices are higher at a value of 3.0 at a low 
live load ratio of 0.2, however reduce as the live load ratio increases. Generally though, the 
reliability indices of the column seem to be higher than on the beam. 
 
54 







Figure 4.7. Comparison of SANS 10162-1 Column Reliability Indices (when α = 0.2). 
 
At a wind ratio α = 0.2, LC4 produces low levels of reliability for the practical ranges of the 
live load ratio (between 0.5 and 0.8), however outside the practical live load ratio range (0 – 
0.4) the reliability index ranges from a high of 2.7 to a low of 2.5. LC2 still predicts 
acceptable reliability indices of 3.0 and above from a live load ratio of 0.2, this is especially 
prevalent within the practical live load ratio range as the reliability index rises from 3.45 at ζ 
= 0.5 to a constant 3.6 for the remaining load ratios. LC1 predicts higher reliability indices 
(2.9) at low live load ratios, however at practical ranges the reliability index begins to 
decrease to 2.3. It is important to note that for moderate consequences of failure, the 
reliability indices are in line with the 2.3 target value for high relative cost of safety measures 











Figure 4.8. Comparison of SANS 10162-1 Column Reliability Indices (when α = 0.4). 
 
At a wind ratio α = 0.4, LC4 is starting to produce higher reliability indices with the highest 
being 3 at a low live load ratio (ζ=0), this observation was the same as the reliability of a 
beam except at slightly higher reliability indices. LC2 reliability indices have largely 
remained the same but at low live ratios, they decrease by a margin of 0.1 for the full range of 
live load ratios.  LC1 produces largely unchanged reliability indices.  
 
Figure 4.9. Comparison of SANS 10162-1 Column Reliability Indices (when α = 0.6). 
 
At a wind ratio α = 0.6, which is the recommended wind load ratio, LC4 produces a linear set 
of results ranging from 3.2 - 2.8, again this observation is in line with the beam but at higher 
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reliability indices. LC4 has an almost constant reliability index of 3.1, in fact in the practical 
live load range of 0.5 – 0.8, the reliability index is 3.0 which is the same as the target value of 
for RC2. LC2 reliability indices show a decrease in value, however the reliability index in the 
practical range of 0.5 and 0.8 are still acceptable and range between 3.1 and 3.4. At a higher 
wind load ratio LC1 produces a reliability index of 2.5; only outside the practical range does 
the reliability index reduce to 2.1.  
 
Figure 4.10. Comparison of SANS 10162-1 Column Reliability Indices (when α = 0.8). 
 
At a wind ratio α = 0.8, which is beyond practical wind load ratios, LC4 produces a constant 
linear set of results all above the target reliability index of 3.0 for moderate consequences of 
failure. LC2 reliability indices are all below the recommended target value of 3.0. LC1 
produces relatively unchanged reliability indices. 
 
4.1.2 EC3 Beam & Column Reliability Levels 
 
Under this section in the same manner as with SANS 10162-1 beam and column, the live 
load ratio ζ is incremented by a value of 0.1, between 0 and 1, and plotted on the x-axis with 
the β values on the y-axis. In Figures 4.11 to 4.15 below, EC3 load combinations in Table 
3.1 (STR, STR-P & STR-W) are plotted at different wind load ratios (at increments of 0.2) 
to demonstrate their effect on the reliability index of a laterally unsupported beam. 
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Figure 4.11. Comparison of EC3 Beam Reliability Indices (when α = 0). 
 
With reference to the load combination schemes presented in Table 3.1 and Figure 4.11, the 
following observations were made: At a low wind ratio (α = 0), the load combination scheme 
where the wind load is dominant , LC1, produces higher levels of reliability (3.5 at its 
highest) than of the SANS 10162-1 beam. This is mainly due to the live load partial factor of 
1.05 being higher than the SANS 0.5 partial factor.  The load combination scheme where the 
live load is dominant, LC2, produces reliability indices above 3.0 to a maximum of 3.88. LC2 
reliability indices are all above the SANS 10160 (2018) target value of 3.0, it should be noted 
that the Eurocode stipulates a higher target value of βt = 3.8 for moderate consequences of 
failure (RC2).  The reliability indices of LC3 are the lowest of the three load combinations, 
however for low live load ratios (0-0.5) the reliability is above the SANS target value of 3.0 
but lower than the Eurocode 3.8 target value. 
 
Figure 4.12. Comparison of EC3 Beam Reliability Indices (when α = 0.2). 
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At a wind ratio α = 0.2, LC2 is still consistantly above the SANS reliability target value of 
3.0 but still below the Eurocode target value of 3.8.produces higher levels of reliability (3.5 at 
its highest) than of the SANS 10162-1 beam. LC1, has a significant rise in reliability indices 
especially in the practical live load ratio range of between 0.5-0.8. At this range the LC1 
reliability index varies from 3.6-3.4. The reliability indices of LC3 remain relatively 
unchanged. 
 
Figure 4.13. Comparison of EC3 Beam Reliability Indices (when α = 0.4). 
 
At a wind ratio α = 0.4, LC2 reliability indices begin to increase from practical live load 
ratios up until the maximum live load ratio of 1. LC2 reliability index stays constant at 3.5 for 
high live load ratios (0.7-1).  LC3 reliability indices largely remain unchanged, however at 
low live load ratios (0.3) the reliability index has decreased to 3.1. LC1 reliability indices 
increase with higher wind load ratios, in the practical live load ratio range it is observed that 
the reliability index approaches the Eurocode target value of 3.8 but does not quite reach it. 
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Figure 4.14. Comparison of EC3 Beam Reliability Indices (when α = 0.6). 
 
At a wind ratio α = 0.6, LC1 produces a linear set of reliability indices in the order of 
magnitude of 3.3. LC2 has a consistent reliability level of 3.4 at the practical live load range; 
it produces higher reliability indices than LC1 at high wind load ratios which is a rather 
interesting observation. It is also important to note that both LC1 and LC2 are well above the 
SANS target value but still below the target value of 3.8. At a higher wind load ratio LC3 
produces low reliability indices of 2.6 and below to a low of 2.3. 
 
Figure 4.15. Comparison of EC3 Beam Reliability Indices (when α = 0.8). 
 
At a wind ratio α = 0.8, which as previously stated, is beyond practical wind load ratios but 
for the purpose of demonstration the reliability indices have been presented in Figure 4.15. 
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LC3 produces an almost constant linear set of results all below the stipulated target reliability 
of 3.0 for moderate consequences of failure, at a reliability index of 2. LC2 reliability indices 
are all below 3.0 (the SANS target value) for a full range of live load ratios. LC1 reliability 
indices are constant and are all 3.1 for the full range of live load ratios.   
 
Similarly, in the case of a column under axial compression, the live load ratio ζ is plotted on 
the x-axis and is incremented by a value of 0.1, between 0 and 1, and the β values on the y-
axis. In Figures 4.16 to 4.20 below, the Eurocode load combinations in Table 3.1 (STR, STR-
P & STR-W) are plotted at different wind load ratios (at increments of 0.2) to demonstrate 
their effect on the reliability index of an axially loaded column.  
 
Figure 4.16. Comparison of EC3 Column Reliability Indices (when α = 0). 
 
At a low wind ratio (α = 0) LC1 produces high levels of reliability, the reliability index at low 
live load ratios is 4.0 and is constant until ζ =0.4. Then the reliability index begins to decrease 
and is above the SANS target value of 3.0. It is important to note however that the LC1 
reliability levels do reach the target value of 3.8 set out by the Eurocode at various live load 
ratios, it is important to note that the resultant reliability levels are higher than the beam 
values.  LC2 reliability indices are constant at a value of 3.8 which is in line with the target 
reliability index required by the Eurocode βt = 3.8 for moderate consequences of failure 
(RC2). LC3 rebliability indices are the same as LC1 for low live load ratios (0-0.3), but begin 
to decrease to a reliability index of 2.9. Generally though, the reliability indices of the column 











Figure 4.17. Comparison of EC3 Column Reliability Indices (when α = 0.2). 
 
At a wind ratio α = 0.2, LC1 reliability indices are linear at a value of 3.5, the only exception 
being for live load ratios of 0.9 and 1 when the reliability index drops down to 3.4. LC2 
produces slightly lower reliability indices; however they are below the target value 3.8 except 
for the value of 4.0 at a live load ratio equal to 0.8. LC3 has reliability indices which remain 
largely unchanged. 
 
Figure 4.18. Comparison of EC3 Column Reliability Indices (when α = 0.4). 
 
At a wind ratio α = 0.4, LC1 reliability indices in the practical live load ratio range are 
constant at a value of 4.0. LC2 reliability indices overlap with LC1 and are in fact virtually 
identical for the full range of live load ratios, with the LC2 reliability index reducing to 3.8 
for live load ratios of 0.8-1. LC3 reliability levels decrease, however for the practical range of 
live load ratios the reliability indices are above the SANS target value of 3.0. 
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Figure 4.19. Comparison of EC3 Column Reliability Indices (when α = 0.6). 
 
At a wind ratio α = 0.6, which is the recommended wind load ratio, LC1 produces a linear set 
of results ranging from 3.5 to a maximum value of 3.7.  This observation is in line with the 
results of the beam but at higher reliability indices, similar to the observation made with 
regards to the SANS column. LC2 has a generally reduced set of reliability indices, in the 
practical live load ratio range (0.5 – 0.8) the reliability index is at a maximum of 3.8 which is 
higher than the highest LC1 reliability index. At a higher wind load ratio LC3 decrease in 
reliability levels, the relationship observed therefore is that with increasing wind loads, the 
load case with the dominant dead load will produce the lowest reliability index.  
 










At a wind ratio α = 0.8, which is beyond practical wind load ratios, LC1 produces a constant 
linear set of results all above the target reliability index of 3.0 for moderate consequences of 
failure, but below the Eurocode target value of 3.8. LC2 reliability indices are all below the 
recommended SANS target value of 3.0. LC3 are low for a full range of live load ratios. 
 
4.1.3 Comparison of SANS 10162-1 & EC3 Beam Reliability Levels 
 
The reliability index of the SANS beam and EC3 beam are compared at critical wind load 
ratios and plotted as previously seen in the preceding sections 4.1.1 and 4.1.2. The highest 
reliability levels were observed for the STR load combinations at α = 0, which is when there 
is no wind load. This observation is in line with Holický & Retief (2005) as well as Mahachi 
(2019). 
 
Figure 4.21. Comparison of EC3 and SANS 10162-1 Beam Reliability Indices (when α = 0). 
 
Figure 4.21 provides a comparison of the SANS (1.2Gk + 1.6Qk) and Eurocode (1.35Gk + 
1.5Qk) load combination schemes. The SANS curve produces reliability index values below 
those of the Eurocode curve, however as the live load ratio increases the reliability index 
values begin to converge. It should be noted that although Eurocode produces higher 
reliability levels at low live load ratios and within the practical live load range, the difference 
in reliability indices is small. In the practical live load ratio range of 0.5 – 0.8, the difference 
goes from 0.2 down to 0. Both codes comply with the SANS 10160 (2018) target value where 
βt = 3.0 for moderate consequences of failure (RC2). But for the full range of live load ratios, 
the reliability of the Eurocode is less than βt = 3.8 
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Figure 4.22. Comparison of EC3 and SANS 10162-1 Beam Reliability Indices (when α = 
0.6). 
 
At the recommended wind load ratio of α = 0.6, the SANS (1.2Gk + 1.6Qk) and Eurocode 
(1.35Gk + 1.5Qk) load combination schemes are compared. SANS produces low reliability 
levels for live load ratios between 0-0.6, whereas the Eurocode produces reliability indices 
higher than the SANS set of results and for practical live load ratios the reliability index is 
above the SANS target value of 3.0. The reliability levels of the Eurocode seem to remain 
constant at a high wind load. 
 
Figure 4.23. Comparison of EC3 and SANS 10162-1 Beam Reliability Indices (when α = 
0.6). 
 
At the recommended wind load ratio of α = 0.6, the SANS (1.2Gk + 0.5Qk + 1.6Wk) and 
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Eurocode (1.35Gk + 1.05Qk + 1.5Wk) load combination schemes are compared. SANS 
produces a linear set out reliability levels that remain consistent at a value of 3.2, this is only 
marginally less than the Eurocode reliability values which are higher. The Eurocode values 
predict a range closer to the target value of 3.8 and vary to 3.6 at a live load ratio of 0.8. That 
is a difference of 0.6 at the highest value of the Eurocode reliability index.  
 
4.1.4 Comparison of SANS 10162-1 & EC3 Column Reliability Levels 
 
Similarly, for the columns, the reliability index of the SANS column and EC3 column are 
compared at critical wind load ratios and plotted as previously seen in the preceding sections 
4.1.1 and 4.1.2.  
 
Figure 4.24. Comparison of EC3 and SANS 10162-1 Column Reliability Indices (when α = 
0). 
 
Figure 4.24 provides a comparison of the SANS (1.2Gk + 1.6Qk) and Eurocode (1.35Gk + 
1.5Qk) load combination schemes. EC3 produces high levels of reliability, reliability indices 
are linear and are at a constant value of 3.8 which in line with the target reliability index 
required by the Eurocode βt = 3.8 for moderate consequences of failure (RC2). SANS has 
lowever reliability indices, but at the practical live load ratio range (0.5-0.8) the difference of 
0.3 is small, the large difference in reliability though is at low reliability indices. 
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Figure 4.25. Comparison of EC3 and SANS 10162-1 Column Reliability Indices (when α = 
0.6). 
 
At the recommended wind load ratio of α = 0.6, the SANS (1.2Gk + 1.6Qk) and Eurocode 
(1.35Gk + 1.5Qk) load combination schemes are compared. SANS produces lower reliability 
levels, for the full range of live load ratios, than the Eurocode. The reliability levels of the 
Eurocode are consistent and are above the SANS target value, from live load ratios of 0.4 the 
SANS curve does produce reliability indices above the target value of 3.0.  
 
Figure 4.26. Comparison of EC3 and SANS 10162-1 Column Reliability Indices (when α = 
0.6). 
 
At the recommended wind load ratio of α = 0.6, the SANS (1.2Gk + 0.5Qk + 1.6Wk) and 
Eurocode (1.35Gk + 1.05Qk + 1.5Wk) load combination schemes are compared. SANS 
produces a linear set of reliability levels that remain consistent at a value of 3.2 to a low of 
2.9, this is significantly less than the Eurocode reliability values which are higher by 0.5.  
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4.2 Summary of Discussion of Results 
 
The results of the comparison between EC3 and SANS 10162-1 reliability indices for the 
beam and column show a general trend that the Eurocode produces higher reliability indices. 
The South African target reliability index is βt = 3.0 for moderate consequences of failure 
(RC2), whereas the Eurocode specifies a much higher target value of βt = 3.8 which is more 
conservative than the South African code. The difference in magnitude of the target reliability 
indices is not a cause for consern as the Eurocode allows for member states to determine their 
own structural performance. Additionally the South African target value is in accordance 
with the guidelines set out by ISO 2394.  
 
LC3 of the SANS standard is ignored as the reliability levels where the permanent load 
dominates are low, instead the permanent load in combination with the live load (1.35Gk 
+1.0Qk) is compared for both SANS 10162-1 and EC3. The STR load combination scheme 
of both the Eurocode and SANS are compared at critical wind load ratios, when the wind 
load is equal to zero and when the wind load is at a maximum (α = 0.6). In the case of the 
beam, both SANS 10162-1 and EC3, the reliability indices are above the SANS target value 
and the Eurocode generally produces higher reliability levels for a wide range of live load 
ratios. It is noted though that the difference between the reliability levels of the SANS beam 
and the Eurocode beam is 0.2 which is small. At higher wind load ratios the Eurocode 
maintains uniform reliability indices higher than the SANS target value, whereas for SANS at 
lower live load ratios the reliability index is below the target value.  
 
For the STR-W load combination scheme, where the wind load is dominant, the SANS 
reliability index is consistent at a value of  β =3.2. This value is smaller than the Eurocode 
value by 0.6, which is quite a significant difference however both codes are above the SANS 
target value. The difference in reliability index value is higher at low live load ratios, but in 
the practical live load ratio range (0.5-0.8) the difference reduces to 0.3. 
 
The same comparision was made for columns and generally (for both SANS and the 
Eurocode) the reliability levels for the column were higher than those observed for the beam. 
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In the practical live load ratio range, the SANS column reliability index was always 
consistantly above the target value of 3.0 for for moderate consequences of failure (RC2). 
EC3 columns were also above the target value of 3.0 and ,in some cases (critical cases), were 











Research findings discussion 
 
The aim of this dissertation was to compare Eurocode 3 & SANS 10162-1 using reliability 
principles, as well as to provide evidence for the adoption of certain parts of EC3. This 
included a comparison of the design formulation principles, where it was noted that the 
revised South African loading standard (SANS10160, 2018) was developed and formulated 
based on the structural reliability principles of the Eurocode. This results in the South African 
standard generally being consistent with the Eurocode, however the differences in reliability 
levels show the effect and significance of local differences (e.g. construction methods, design 
loads, local conditions).  
 
The reliability indices of both the SANS 10162-1 and EC3 would, in general, maintain the 
minimum target reliability requirements. The South African target reliability index being βt = 
3.0 for moderate consequences of failure (RC2), and the Eurocode target value of βt = 3.8. 
Although the EC3 reliability levels were higher, the difference can be attributed to the partial 
safety factors as well as the conservative basis of the Eurocode.  
 
To extend further on the findings by Mahachi (2019), two representaive structural elements 
were chosen to assess the difference in reliability between a member in bending and a 
member under axial compression. The results in this study found that the compression 
member would yield higher reliability indices than the member in flexural bending which is 
in line with what was observed by Ellingwood & Galambos (1982), where a target value of 
3.0 was suggested for beams in flexure and a target value of 3.5 for columns.  
 
The modification of the wind load combination for SANS 10160 (2018) to the updated 
Eurocode wind load prediction model (Botha, 2016), results in the reliability indices of 
SANS 10162-1 being closer to the EC3 reliability index by a value of 0.6 units (in the case of 
a beam and 0.5 units for a column). A minimum target reliability index of 3.0 is still 
maintained, and for the full range of live load ratios the reliability index β =3.2. These 
reliability indices show the efficiency in the modified partial factor for the wind load. 
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The conservative nature of the Eurocode would be a concern for South Africans, especially 
with the emphasis of economic design under this current difficult economic climate. The 
Eurocode does however allow for member states to select their own partial factors through 
Nationally Determined Parameters (NDPs), this in turn will allow South Africans to adopt 
specific sections of the Eurocode whilst maintaining their current load combination schemes 
and partial factors. Without a drastic change in the design standards, both young and old 
engineers could then benefit from the use of the Eurocode without the concern of either 
















The reliability analysis presented in this dissertation assessed the material resistance 
reliability of a member in bending and a member under axial compression. The resulting 
reliability indices of the analysis were compared to their respective target reliability index 
values that have been specified as the SANS target value βt = 3.0 for moderate consequences 
of failure (RC2), and the Eurocode target value of βt = 3.8. Minimum reliability index levels 
were achieved by both the beam and column, with the column generally producing higher 
reliability indices.  
 
Through a deterministic analysis of the two representaive structural elements, as well as 
through the use of material statistics described by a probability distribution of the statistical 
parameters; basic variables were selected. The values of some of the basic variables used in 
this dissertation we obtained through guidelines set out by the Joint Committee on Structural 
Safety (JCSS, 2002).  A Monte Carlo simulation was performed on a beam in flexural 
bending and a column in axial compression in order to determine the reliability levels of 
each structural member. It was shown that EC3 produces, on average, higher reliability 
indices than SANS 10162-1 for both failure modes (in flexural bending and in buckling due 
to axial compression). 
 
The Eurocode tended to produce higher reliability indices, the difference in magnitude of 
the target reliability indices is not a cause for consern as the Eurocode allows for member 
states to determine their own structural performance. Additionally the South African target 
value is in accordance with the guidelines set out by ISO 2394. 
 
The statistics for the material resistance were either incomplete or unavailable, further 
research is required in this regard and a similar comparison should be undertaken once the 
material resistance statistics have been updated. Calibration exercises for the NDPs may still 
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be required even though the current load combination schemes and partial load factors result 
in similar levels of reliability as the Eurocode. It is a requirement of the Eurocode for the 
establishment of NDPs in order for them to be added to the National Annexes, this would 
then ensure a harmonisation in the local standards as the partial factors and load 
combinations would not change from practising engineer to practising engineer.    
 
The dissertation has shown through the comparison of the standards that the adoption of the 
Eurocode is possible and that furthermore the reliability levels of the SANS code meet 
minimum target reliability requirements, which would suggest then that a complete overhaul 





In this thesis no eccentricity was considered on the column, a further study should be 
considered where the effect of the eccentricity of the load on the column is taken into 
account. Model uncertainty factors of the load and the resistance were not taken into account 
in modelling as they reduced the reliability levels quite significantly, it can be argued 
however that the low reliability was down to the incomplete material resistance statistics 
which as mentioned in the conclusion also require further research.  
 
Once complete material statistics become available, a full probabilistic comparision of the 
codes should be made where information on the full probabilistic characteristics of the 
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Methodology for calculating reliability of a 457x191x74 I Beam in bending & a 
203x203x46 H Column in axial compression: 
 
1. Define the performance function 
2. Define R and the sub-variables that make up the statistical distribution of the 
resistance “R”. 
3. Generate a value for the load effect E 
4. Calculate G(x) which is a function of all the variables when E > R, and store the 
value. 
5. Repeat steps 2-4 until a significant number of G(x) values has been generated 
6. Calculate the probability of failure Pf = (no. of times G(x) > 0) / (total number of 
trials) * 100 
